Abstract. By using the white noise theory for a fractional Brownian sheet, we derive an Itô formula for the fractional Brownian sheet with arbitrary Hurst parameters H 1 , H 2 ∈ (0, 1).
Introduction and preliminaries
For H 1 
The fractional Brownian sheet with Hurst parameter H has the following integral representation:
where W is a standard Brownian sheet, s + = max{s, 0} and C(H) is the normalizing constant.
The purpose of this paper is to obtain an Itô formula for the fractional Brownian sheet with arbitrary Hurst parameters H 1 , H 2 ∈ (0, 1). The main tool is the white noise theory for the fractional Brownian sheet with H 1 , H 2 ∈ (0, 1), given by Hu et al. [4] . Our result holds for Hurst parameters H 1 , H 2 ∈ (0, 1), whereas that of Tudor and Viens [5] is valid only for Hurst parameters H 1 , H 2 ∈ (1/2, 1). Now we briefly mention the white noise theory of fractional Brownian sheet, given in [4] , to be necessary for our main result. Let S(R 2 ) be the Schwartz space
is a fractional Brownian sheet with arbitrary Hurst parameters H 1 , H 2 ∈ (0, 1) on (Ω, F, P).
Let H n (x) be the n-th Hermite polynomial and h n the n-th Hermite function,
With these notations, we define
We recall the following chaos expansion theorem.
Furthermore, we have the isometry
Let Z be the set of all integers. For p ∈ Z and F given in (3), we define the norm We first note that (f, M
. Hence with the above notations, the chaos expansion of fBm is given by 
2 ), we define two partial fractional white noises:
By the direct extension of the method used by Elliott and Van der Hoek [3] in the one-parameter case, we easily prove that these noises, defined by (4), (5) and (6), satisfy that for each (t 1 , t 2 ) ∈ R 2 ,
We give the definition on (S) * -valued integrals for the two-parameter case.
Definition 2. Let Y : R 2 → (S)
* be a given function satisfying
where ·, · (S) * ,(S) is the bi-pairing (S) * and (S). Then we define (S) * -valued integral R 2 Y (t 1 , t 2 )dt 1 dt 2 to be the unique element of (S) * such that for all ϕ ∈ (S),
If (7) holds, we then say that Y is integrable in (S)
∈ (S) * , we define a mixed fractional white noise by
So the stochastic integrals of various types can be defined.
Definition 3. Suppose that
and
are integrable in (S) * . Then we define the following (S) * -valued integrals: 
